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BCS

:   body condition score

CHF

:   congestive heart failure

DCM

:   dilated cardiomyopathy

DMVD

:   degenerative mitral valve disease

MCS

:   muscle condition score

1. INTRODUCTION {#jvim15566-sec-0007}
===============

The effects of congestive heart failure (CHF) are not restricted to the cardiovascular system. A common systemic effect of CHF in both dogs and people is cardiac cachexia, a complex and common condition characterized by muscle loss, with or without weight loss.[1](#jvim15566-bib-0001){ref-type="ref"}, [2](#jvim15566-bib-0002){ref-type="ref"} The pathogenesis of cardiac cachexia is multifactorial and complex, and involves decreased energy intake and nutrient absorption, increased energy requirements, and alterations in metabolism.[1](#jvim15566-bib-0001){ref-type="ref"} Inflammatory cytokines, particularly TNF‐α, IL‐1ß, and IL‐6, play an important role in cardiac cachexia and cause reduced food intake, decreased muscle protein synthesis, and increased protein catabolism.[2](#jvim15566-bib-0002){ref-type="ref"}

In humans, cachexia is linked to poor wound healing, lower exercise capacity, reduced strength, impaired immune function, and perceived poor quality of life.[1](#jvim15566-bib-0001){ref-type="ref"}, [2](#jvim15566-bib-0002){ref-type="ref"} Many of these findings are also present in dogs with cardiac cachexia.[1](#jvim15566-bib-0001){ref-type="ref"} Cachexia in human CHF patients is an independent risk factor for poor prognosis and shorter survival times.[3](#jvim15566-bib-0003){ref-type="ref"}, [4](#jvim15566-bib-0004){ref-type="ref"} Cachexia\'s effect on survival might be compounded in companion animals as some of the signs associated with cachexia are important factors in decisions about euthanasia.[5](#jvim15566-bib-0005){ref-type="ref"} However, the role of cardiac cachexia in survival of dogs with CHF has not been reported.

Approximately 10% of human CHF patients have cardiac cachexia although, depending on the definition and the patient population, prevalence rates can be up to 42%.[2](#jvim15566-bib-0002){ref-type="ref"}, [4](#jvim15566-bib-0004){ref-type="ref"}, [6](#jvim15566-bib-0006){ref-type="ref"} Despite many years of debate, there is still no single definition for cachexia in humans, which contributes to the variable prevalence. Proposed diagnostic criteria for human cachexia include weight loss of at least 5% in 12 months or less in combination with at least 3 of 5 signs: decreased muscle strength, fatigue, anorexia, low fat‐free mass index, or abnormal serum biochemistry (ie, increased inflammatory markers, anemia, or low serum albumin).[7](#jvim15566-bib-0007){ref-type="ref"} Despite this published consensus, other definitions have been used for research studies. One of the most common is the loss of at least 5% of body weight over 12 months or less.[4](#jvim15566-bib-0004){ref-type="ref"}, [8](#jvim15566-bib-0008){ref-type="ref"}, [9](#jvim15566-bib-0009){ref-type="ref"} Definitions relying on weight loss as a criterion for the definition of cachexia, with or without additional criteria, however, is problematic in that body weight is an insensitive measure of muscle loss which can delay the diagnosis of cachexia until the disease is more advanced. This is particularly an issue in CHF where there can be fluid accumulation that can mask weight loss. In humans, loss of lean body mass and, more specifically, muscle mass occurs before substantial body weight is lost.[10](#jvim15566-bib-0010){ref-type="ref"} Therefore, measuring lean body mass or muscle mass might be preferable for the diagnosis of cachexia.[11](#jvim15566-bib-0011){ref-type="ref"} Loss of muscle can be quantified by advanced imaging modalities such as computed tomography or dual‐energy x‐ray absorptiometry, which require anesthesia or heavy sedation in companion animals, or by ultrasound.[11](#jvim15566-bib-0011){ref-type="ref"}, [12](#jvim15566-bib-0012){ref-type="ref"}, [13](#jvim15566-bib-0013){ref-type="ref"} However, clinically, the easiest approach is to evaluate muscle condition score (MCS).[14](#jvim15566-bib-0014){ref-type="ref"} Comparing prevalence of cachexia based on weight loss versus muscle loss has not been reported in dogs.

Therefore, the objectives of this study were to determine the prevalence of cachexia in dogs with CHF using definitions of weight loss or muscle loss and to compare clinical and laboratory variables, as well as survival times between dogs with and without cardiac cachexia.

2. METHODS {#jvim15566-sec-0008}
==========

Electronic medical records were searched to identify dogs diagnosed with CHF caused by degenerative mitral valve disease (DMVD) or dilated cardiomyopathy (DCM) by the Cummings Veterinary Medical Center\'s Cardiology Service between January 2015 and May 2018. This date range was selected because the hospital\'s current electronic medical record system was launched in 2015, and MCS has been recorded for all animals evaluated in cardiology appointments since that time. All dogs were assessed by echocardiography (Vivid E9 GE Medical Systems, Milwaukee, Wisconsin). The diagnosis of DMVD was based on signalment, a left apical systolic murmur, typical changes to the mitral valve leaflets on echocardiography, and the presence of mitral regurgitation on color‐flow Doppler. To be included in this study, dogs with DMVD had to have at least a grade 3/6 systolic murmur and evidence of left atrial dilatation, defined as a left atrial‐to‐aortic root ratio of at least 1.6 on 2‐dimensional (2D) echocardiography. A diagnosis of DCM was based on the presence of left atrial enlargement, left ventricular dilatation, and a fractional shortening ≤25% on a 2D and M‐mode echocardiography. Dogs were classified as having CHF based on a combination of clinical signs and echocardiography, along with either radiographic evidence of cardiogenic pulmonary edema or presence of ascites or pleural effusion judged to be cardiogenic in origin. Echocardiography was performed using standard techniques[15](#jvim15566-bib-0015){ref-type="ref"} by a board‐certified veterinary cardiologist or a supervised cardiology resident.

Exclusion criteria included dogs that were diagnosed with CHF at \<1 year of age, dogs with CHF caused by other cardiac diseases, and dogs with other major concurrent diseases that could affect survival (eg, cancer, preexisting chronic kidney disease). Information on other diseases was determined from review of the medical records.

Medical records were retrospectively reviewed using a standardized data form to collect the following data from the visit at which CHF was diagnosed: signalment, body weight, heart rate, arrhythmias, murmur grade, echocardiographic measurements, CBC and serum biochemistry results, underlying disease, ACVIM stage, concurrent diseases, body condition score (BCS, on a 1‐9 scale), and MCS (normal, mild, moderate, or severe muscle loss).[14](#jvim15566-bib-0014){ref-type="ref"} For the purposes of statistical analysis, MCS was converted to numbers (normal = 3, mild = 2, moderate = 1, severe = 0). Dogs with atrial fibrillation, supraventricular tachycardia, ventricular premature beats, or ventricular tachycardia were defined as having clinically important tachyarrhythmias. Azotemia was defined as a serum creatinine concentration above the upper end of the reference range and anemia was based on a hematocrit below the lower end of the reference range. Body condition scores of 4 or 5 on a 9‐point scale were considered ideal, whereas BCSs \< 4/9 were considered underweight and those \>5/9 were considered overweight. In addition to data from the date of diagnosis of CHF, body weights 6 and 12 months before diagnosis and 3, 6, 9, and 12 months after diagnosis were also collected when available. If ascites was noted, body weights after abdominocentesis were preferentially collected. If abdominocentesis was not performed, the presence of ascites was noted. The date and cause of death, if not still alive, were also recorded. If survival information was not available in the medical record, the primary care veterinarian was contacted or, if any information was still unavailable, the owner was contacted. If the owner could not be contacted, the dog was considered lost to follow‐up.

2.1. Data analysis {#jvim15566-sec-0009}
------------------

Data distributions were examined graphically before analysis. If visual evaluation was unclear, normality was determined via measures of skewness and kurtosis. Skewness and kurtosis values \<2 were considered normally distributed. Dogs were categorized as having cardiac cachexia according to 2 separate definitions:Muscle loss: Dogs with any muscle loss on the MCS scale (ie, mild, moderate, or severe)[14](#jvim15566-bib-0014){ref-type="ref"} at the time of diagnosis of CHF were categorized as having cardiac cachexia, whereas dogs with a normal MCS were categorized as having no cardiac cachexia.Weight loss: Dogs with at least 5% weight loss in 12 months or less before the diagnosis of CHF were categorized as having cardiac cachexia,[4](#jvim15566-bib-0004){ref-type="ref"} whereas dogs with \<5% weight loss were categorized as having no cardiac cachexia.

The percentages of dogs with cachexia based on these 2 definitions were compared by Chi‐square analysis. Chi square analysis was also used to compare categorical variables between dogs with and without cachexia. Independent *t* tests (for normally distributed variables) or Mann‐Whitney *U* tests (for skewed variables) were used to compare continuous variables between dogs with and without cachexia. Survival times were calculated from the time of diagnosis of CHF until the time of death/euthanasia. Dogs were right censored if they were alive at the time of analysis or if they were lost to follow‐up. Kaplan‐Meier curves were constructed, and log‐rank analyses were performed to assess the effect of variables on survival. Multivariable analysis was performed to identify potential confounding variables with respect to survival. *P* values ≤.05 were considered significant. All statistical tests were carried out using commercial statistical software (SYSTAT version 13.0, SYSTAT, San Jose, California; SPSS version 26.0, IBM Corp, Armonk, New York).

3. RESULTS {#jvim15566-sec-0010}
==========

Of the 269 dogs that met the inclusion criteria, 218 dogs had DMVD and 51 dogs had DCM. Median age at diagnosis of CHF was 11.0 years (range, 1.8‐17.1 years) with 54% male dogs and 46% female dogs (Table [1](#jvim15566-tbl-0001){ref-type="table"}). The most commonly represented breeds included mixed breed (n = 56), Chihuahua (n = 21), Cavalier King Charles Spaniel (n = 20), Doberman Pinscher (n = 16), Maltese (n = 10), Great Dane (n = 10), Boston Terrier (n = 9), and Dachshund (n = 9), but a variety of other breeds were represented in smaller numbers. All 269 dogs received furosemide, 268 dogs received pimobendan (1 dog was euthanized immediately after the diagnosis of CHF), and 252 dogs received an angiotensin converting enzyme inhibitor. Dogs received a variety of other medications during the course of management of CHF including spironolactone (n = 86), sildenafil (n = 70), diltiazem (n = 46), torsemide (n = 46), digoxin (n = 38), amiodarone (n = 31), amlodipine (n = 23), beta‐blocker (n = 7), and spironolactone/hydrochlorathiazide (n = 3).

###### 

Clinical characteristics of 269 dogs with congestive heart failure. Cachexia was defined as dogs with mild, moderate, or severe muscle loss based on the muscle condition score.[14](#jvim15566-bib-0014){ref-type="ref"} Dogs without cachexia had a normal muscle condition score. Data are presented as number of dogs or median (range)

  Variable                 All dogs              Dogs with cachexia   Dogs without cachexia   *P* value
  ------------------------ --------------------- -------------------- ----------------------- -----------
  n                        269                   130                  139                     ‐
  Age (years)              11.0 (1.8‐17.1)       11.7 (1.9‐17.1)      10.4 (1.8‐16.7)         .05
  Sex                                                                                         .11
  Male                     145 (124 castrated)   78 (66 castrated)    67 (58 castrated)       
  Female                   124 (117 spayed)      52 (51 spayed)       72 (66 spayed)          
  Disease                                                                                     .05
  DVMD                     51                    31                   20                      
  DCM                      218                   99                   119                     
  Body weight (kg)         7.9 (2.1‐82.0)        9.5 (2.1‐82.0)       6.9 (2.3‐77.3)          .02
  Body condition score     5 (3‐9)               5 (3‐8)              5 (3‐9)                 \<.001
  Muscle condition score                                                                      \<.001
  Normal                   139                   0                    139                     
  Mild                     100                   100                  0                       
  Moderate                 23                    23                   0                       
  Severe                   7                     7                    0                       
  Heart rate (/min)        144 (46‐300)          148 (80‐250)         142 (46‐300)            .22
  Murmur grade             5 (0‐6)               5 (0‐6)              5 (0‐6)                 .23
  Blood pressure (mm Hg)   120 (50‐220)          112 (80‐190)         140 (50‐220)            \<.001

Abbreviations: DCM, dilated cardiomyopathy; DMVD, degenerative mitral valve disease.

One hundred fifty‐nine of the 269 dogs (59.1%) had body weights available at either 12 or 6 months before diagnosis of CHF. Sixty‐seven of 159 (42.1%) had lost at least 5% of their body weight in the 12 months or less before diagnosis of CHF. Thirty‐five of the 269 dogs, or 13.0%, had ascites noted during at least 1 hospital visit. All but 1 dog (n = 268) had a BCS recorded on the date of diagnosis of CHF. Median BCS was 5 (range, 3‐9). Only 12 dogs were underweight (BCS \< 4/9; 4.5%), 157 were ideal weight (BCS 4‐5/9; 58.6%), and 99 were overweight (BCS \> 5/9; 36.9%). Muscle condition score at the time of diagnosis of CHF was available for all 269 dogs and included 139/269 (51.7%) with normal MCS and 130/269 (48.3%) with some degree of muscle loss: mild (n = 100), moderate (n = 23), or severe (n = 7). Muscle loss was present in 10/12 underweight dogs (83%), 89/157 ideal weight dogs (56.7%), and 30/99 overweight dogs (30%). Body condition score and MCS were significantly correlated (*r* = .44, *P* \< .001). As only 59.1% of dogs had sufficient body weight information to be able to assess weight loss for a definition of cachexia (and because the prevalence was similar based on both definitions), the definition of cardiac cachexia using MCS was used for all subsequent analyses.

Compared with dogs without cachexia, dogs with cachexia were significantly older (*P* = .05), more likely to have a clinically important tachyarrhythmia (*P* = .02), more likely to have DCM compared to DMVD (*P* = .05) and had lower BCS (*P* \< .001), blood pressure (*P* \< .001), hematocrit (*P* = .006), hemoglobin (*P* = .006), and albumin (*P* = .004) concentrations, but had a higher chloride concentration (*P* = .04; Tables [1](#jvim15566-tbl-0001){ref-type="table"} and [2](#jvim15566-tbl-0002){ref-type="table"}). No other variables were significantly different between dogs with and without cachexia.

###### 

Serum biochemistry and hematologic values of 269 dogs with congestive heart failure. Cachexia was defined as dogs with mild, moderate, or severe muscle loss based on the muscle condition score.[14](#jvim15566-bib-0014){ref-type="ref"} Dogs without cachexia had a normal muscle condition score. Data are presented as number of dogs or median (range)

  Variable                All dogs             Dogs with cachexia   Dogs without cachexia   *P* value
  ----------------------- -------------------- -------------------- ----------------------- -----------
  Hematocrit (%)          48.6 (28.0‐68.0)     47.5 (32.0‐65.0)     50.0 (28.0‐68.0)        .006
  Hemoglobin (g/dL)       16.3 (9.3‐23.6)      15.9 (11.4‐21.6)     16.6 (9.3‐23.6)         .006
  WBC (1000/μL)           14.36 (4.50‐45.56)   14.19 (6.20‐45.56)   14.39 (4.50‐26.45)      .68
  Neutrophils (1000/μL)   11.34 (3.85‐42.78)   11.34 (4.26‐42.78)   11.32 (3.85‐25.48)      .73
  Lymphocytes (1000/μL)   1.48 (0.26‐4.41)     1.60 (0.26‐3.64)     1.36 (0.26‐4.41)        .13
  Cholesterol (mg/dL)     221 (107‐447)        215 (111‐441)        229 (107‐447)           .09
  Potassium (mEq/L)       4.3 (2.7‐6.7)        4.4 (2.8‐6.7)        4.3 (3.0‐5.8)           .08
  Chloride (mEq/L)        110 (83‐130)         111 (83‐130)         109 (90‐126)            .04
  Sodium (mEq/L)          147 (128‐159)        147 (128‐159)        147 (129‐159)           .53
  Globulin (g/dL)         2.8 (1.3‐9.8)        2.8 (1.6‐4.4)        2.9 (1.3‐9.8)           .16
  Albumin (g/dL)          3.6 (1.8‐4.9)        3.4 (2.0‐4.8)        3.7 (1.8‐4.9)           .001
  Creatinine (mg/dL)      0.9 (0.2‐2.7)        0.9 (0.4‐2.5)        0.9 (0.2‐2.7)           .71
  BUN (mg/dL)             21 (10‐107)          22 (10‐76)           21 (10‐107)             .81
  Glucose (mg/dL)         96 (19‐220)          93 (19‐214)          100 (31‐220)            .07

Abbreviations: BUN, blood urea nitrogen; WBC, white blood cell count.

Sixty‐eight percent of dogs (183/269) died or were euthanized at the time of data analysis; 62 died and 120 were euthanized (cause of death was unknown for 1 dog). Eighty‐six dogs were right‐censored (82 were still alive and 4 were lost to follow‐up). Median survival time for all dogs was 294 days (range, 0‐1264 days). Dogs with cachexia had a survival time of 233 days (range, 0‐1200 days), whereas dogs without cachexia had a survival time of 321 days (range, 1‐1264 days; *P* = .04; Figure [1](#jvim15566-fig-0001){ref-type="fig"}). Other variables that were significantly associated with a shorter survival time included BCS (underweight \[*P* = .04; Figure [2](#jvim15566-fig-0002){ref-type="fig"}\] or overweight \[*P* = .03; Figure [2](#jvim15566-fig-0002){ref-type="fig"}\]), DCM (*P* = .001); clinically important tachyarrhythmias (*P* = .001); ascites (*P* = .005); use of digoxin (*P* = .01), amiodarone (*P* \< .001), or diltiazem (*P* = .02); azotemia (*P* = .001), and anemia (*P* = .03). No other variables were significantly associated with survival time. For the 159 dogs with adequate body weight information, cachexia defined as 5% weight loss within 12 months or less was not significantly associated with survival time (*P* = .73). On multivariable analysis, arrhythmia (*P* \< .001), azotemia (*P* \< .001), being under‐ or overweight (both *P* = .003), and cachexia (*P* = .05) all remained significant independent risk factors for shorter survival times.

![Kaplan‐Meier survival curve for 269 dogs stratified by the presence or absence of cachexia, as defined by muscle condition score. Dogs with cachexia (dotted line) had a significantly shorter survival time compared to dogs without cachexia (solid line; *P* = .04 on univariate analysis and *P* = .05 on multivariable analysis)](JVIM-33-1902-g001){#jvim15566-fig-0001}

![Kaplan‐Meier survival curve for 269 dogs stratified by body condition score (BCS) category, where a BCS \< 4/9 was categorized as underweight (dotted line), BCS = 4‐5/9 was categorized as ideal weight (solid line), and BCS \> 5/9 was categorized as overweight (gray line). Compared to dogs with ideal BCS, dogs with a BCS \< 4/9 (*P* = .04 on univariate analysis, *P* = .003 on multivariable analysis) and dogs with a BCS \> 5/9 (*P* = .03 on univariate analysis and *P* = .003 on multivariable analysis) had shorter survival times](JVIM-33-1902-g002){#jvim15566-fig-0002}

4. DISCUSSION {#jvim15566-sec-0011}
=============

Results of this study showed that dogs with CHF because of DMVD or DCM that had cachexia, defined as having loss of muscle on a MCS, had a significantly shorter survival time compared with dogs without cachexia. This finding is in agreement with existing survival studies on cachexia in human patients with CHF.[3](#jvim15566-bib-0003){ref-type="ref"}, [4](#jvim15566-bib-0004){ref-type="ref"} Causes for shorter survival times in people and dogs with cardiac cachexia are unknown but might be caused by loss of cardiac muscle, impaired metabolism, or reduced immune function.[1](#jvim15566-bib-0001){ref-type="ref"} Additionally, in dogs, reduced quality of life, reduced food intake, and weakness, often associated with cardiac cachexia, are important factors in the decision to euthanize dogs with CHF which could result in shorter survival times.[5](#jvim15566-bib-0005){ref-type="ref"}

Low BCS at diagnosis was an independent risk factor for death. This is consistent with results of a previous study in which dogs with CHF that lost weight had a significantly shorter survival time compared with dogs that maintained or gained weight.[16](#jvim15566-bib-0016){ref-type="ref"} Of note, although both BCS and MCS were predictors of death in this study, only 4.5% of dogs were underweight whereas 48.3% of dogs had muscle loss. This distinction is important because BCS and MCS are not the same. Body condition score assesses fat stores, whereas MCS is an assessment of muscle mass. Dogs can be overweight or obese but still have muscle loss (83.3% of dogs with a low BCS had muscle loss but 56.7% of ideal weight dogs and 30.3% of overweight dogs also had muscle loss) whereas conversely, dogs can be thin but have normal MCS (2 of 12 thin dogs \[16.7%\] in the current study did not have muscle loss). Therefore, it is critical to measure both BCS and MCS, along with body weight, in all dogs.

In addition to low BCS being associated with a shorter survival time, dogs that were overweight or obese (BCS \>5/9) also had a shorter survival time compared to those with a BCS = 4‐5/9 at the time of diagnosis of CHF. This is in contrast to many human studies that have found an "obesity paradox," in which people with heart failure that are overweight or even obese have longer survival times.[17](#jvim15566-bib-0017){ref-type="ref"}, [18](#jvim15566-bib-0018){ref-type="ref"} The difference in survival could not be detected based on BCS in dogs with CHF, although dogs that lost weight had shorter survival times than those that maintained or gained weight.[16](#jvim15566-bib-0016){ref-type="ref"} Similarly, a difference in survival could not be detected based on BCS in cats with CHF, but cats with the lowest or the highest body weights had shorter survival times.[19](#jvim15566-bib-0019){ref-type="ref"} The inability of these previous studies to detect a difference in BCS could be related to differences in underlying diseases between humans, dogs, and cats or could be because of the small sample size (the dog[16](#jvim15566-bib-0016){ref-type="ref"} and cat[19](#jvim15566-bib-0019){ref-type="ref"} studies included 108 and 101 cases, respectively). In addition, the previous study of dogs with CHF had different BCS categories (emaciated \[BCS = 1‐2/9\], underweight \[BCS = 3‐4/9\], normal weight \[BCS = 5/9\], overweight \[BCS = 6‐7/9\], obese \[BCS = 8‐9/9\]).[16](#jvim15566-bib-0016){ref-type="ref"} One possible explanation for the shorter survival time in the current study is that the obesity paradox now appears to be related more to extra lean body mass in most overweight human patients than to obesity per se.[20](#jvim15566-bib-0020){ref-type="ref"} However, if excess weight is not associated with more lean body mass but is actually associated with cachexia, the beneficial effects are lost. In fact, concurrent obesity and muscle loss in people ("sarcopenic obesity") might be associated with even shorter survival times than obesity or muscle loss alone.[21](#jvim15566-bib-0021){ref-type="ref"} In the current study, 30.3% of overweight dogs had muscle loss so sarcopenic obesity might explain the association between overweight dogs and shorter survival times. No matter the cause, the finding of significantly shorter survival time for both low and high BCS in the current study of dogs with CHF warrants further study.

Although a similar percentage of dogs (42.1%) had cachexia based on the definition of weight loss of 5% or more in 12 months or less compared to muscle loss (48.3%), only 59.1% of dogs had sufficient body weights to determine cachexia based on weight loss. This was a consequence of the definition of weight loss requiring information from at least 2 veterinary visits. However, not all dogs had body weights recorded in the 6‐12 month range that was used for one of the current study\'s definitions of cachexia (some had body weights measured at \>12 months or \<6 months before diagnosis of CHF). Others had not been taken to a veterinarian during this time period or body weights were not recorded. Additionally, the presence of ascites in 13.0% of the dogs made recorded weights inaccurate in some dogs. Although body weights were collected after abdominocentesis when available, not all dogs underwent abdominocentesis, and not all that did had body weights recorded after the procedure. Thus, it could be that the number of dogs with cachexia based on weight loss was underestimated because of excess fluid masking weight loss. The lack of consistent availability of body weight in this study, in combination with ascites altering weights, makes weight loss an unreliable measure of cardiac cachexia in dogs. Muscle condition score, however, is unaffected by the presence of ascites and can be assessed at a single time point and thus avoids the pitfalls of relying on past records that often have large gaps in weight histories. Finally, even if accurate body weight data were available, it appears to be less sensitive for identifying cachexia than muscle loss in humans and likely in dogs. Of human patients with cancer that did not meet the inclusion criterion for cachexia of ≥5% weight loss, 41% had ≥5% muscle loss over the same period, suggesting that muscle loss is a more sensitive measure of cachexia.[10](#jvim15566-bib-0010){ref-type="ref"}

In addition to MCS and BCS, results of the current study also showed that dogs with important arrhythmias had a shorter survival time compared with dogs without these arrhythmias, as was seen in previous studies.[22](#jvim15566-bib-0022){ref-type="ref"}, [23](#jvim15566-bib-0023){ref-type="ref"} Azotemia was also an independent predictor of survival time. Azotemia has also been identified as a risk factor in studies of people with heart failure.[24](#jvim15566-bib-0024){ref-type="ref"} In addition, serum creatinine concentrations are higher in dogs with increasing severity of heart disease,[25](#jvim15566-bib-0025){ref-type="ref"} with 23% of dogs with advanced heart failure in 1 study having azotemia.[26](#jvim15566-bib-0026){ref-type="ref"} However, azotemia results must be interpreted with caution in the current study since laboratory testing was performed at variable time points with relation to the diagnosis of CHF (ie, it was measured on the hospital visit when CHF was first diagnosed, but some were before and others were after diuretic administration). In dogs with CHF, azotemia might be secondary to cardiac medications, as all dogs with known preexisting renal disease were excluded.

In addition to comparing survival times, clinical and laboratory variables were compared between dogs with and without cardiac cachexia. Dogs with cachexia were significantly older, more likely to have DCM, and had lower BCS, blood pressure, hematocrit, hemoglobin, and albumin concentrations and higher chloride concentrations. Lower albumin and hemoglobin concentrations occur in people with cardiac cachexia reflecting malnutrition.[27](#jvim15566-bib-0027){ref-type="ref"}, [28](#jvim15566-bib-0028){ref-type="ref"} The findings of lower blood pressure, higher chloride, or the greater likelihood of having DCM have not been previously reported in people or dogs with cardiac cachexia and require further study. It is also important to be aware that muscle loss also occurs in older dogs even in the absence of disease, where it is called sarcopenia. Because CHF occurs more commonly in older dogs, cachexia and sarcopenia can occur concurrently so it is difficult to discern whether muscle loss in these dogs was caused by cardiac cachexia, sarcopenia, or a combination of the two. It also is possible that the weight and muscle loss identified at the time of diagnosis of CHF was because of other undiagnosed diseases.

There are a number of limitations to the current study which are important to consider. This was a retrospective case study, so not all desired information was available in the medical records nor was it collected at the same time points in all dogs, even if it was collected during the hospitalization for the first diagnosis of CHF (eg, body weight and laboratory results). Another limitation is that MCS was not assessed by the same individual and studies in dogs[29](#jvim15566-bib-0029){ref-type="ref"} and cats[30](#jvim15566-bib-0030){ref-type="ref"} have shown some inter‐ and intraobserver variability. However, in our hospital\'s cardiology service, MCS is reviewed and confirmed on every animal by the attending cardiologist or the cardiology resident, so there are a limited number of clinicians assigning these scores.

The high prevalence of cachexia and the association between cardiac cachexia and survival in dogs as well as in people with CHF suggests that muscle loss is important to evaluate in dogs with heart disease. Although few specific treatments are currently available, there is active research on treatments for cachexia in dogs and humans.[31](#jvim15566-bib-0031){ref-type="ref"}, [32](#jvim15566-bib-0032){ref-type="ref"} However, it will be important to identify cachexia as early as possible when nutritional or drug treatments are more likely to be successful. The results of this study suggest that MCS is a clinically relevant method to detect cachexia in dogs with CHF at a single time point. This supports the recommendations to measure body weight, BCS, and MCS on every dog at every visit.[14](#jvim15566-bib-0014){ref-type="ref"}, [33](#jvim15566-bib-0033){ref-type="ref"}
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